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, The effect of detailed balance in induced gluon radiation for an energetic parton prop- 
agating inside a quark-gluon plasma is discussed. The stimulated thermal gluon emission 

^ ' reduces while absorption increases the parton's energy. The net contribution results in a 

^ ■ reduction of the effective parton energy loss. The relative reduction of the parton energy 

Q . loss is found to be important for intermediate parton energies and negligible for very high 

I energies. This will increase the energy dependence of the parton energy loss and will 

^ I affect the shape of suppression of moderately high pt hadron spectra. 
O ; 

i!B ■ 1. INTRODUCTION 

'V ' 

■ Jet quenching in high-energy heavy-ion collisions suppresses large transverse momentum 
2 . hadrons as compared to pp collisions at the same energy . It provides a direct probe 
• . ! of the dense matter produced in high-energy heavy-ion collisions. Recent theoretical 

I studies ||^-|^ of jet quenching have concentrated on gluon radiation induced by multiple 
^ ' scattering in medium. Because of the presence of thermal gluons in the hot medium the 
c3 ■ stimulated gluon emission and absorption by the propagating parton should also be taken 
into account consistently. Such a detailed balance is crucial for parton thermalization and 
should also be important for calculating the energy loss of an energetic parton in quark- 
gluon plasma (QGP)P]. We will show that the partial cancellation between stimulated 
emission and thermal absorption results in a net reduction of parton energy loss induced 
by multiple rescattering. Though such a reduction is negligible for asymptotically large 
parton energy, it is still important for intermediate values of energy. 

2. FINAL-STATE AND RESCATTERING-INDUCED ABSORPTION 

In an axial gauge and in the leading-log approximation, the final-state radiation ampli- 
tude off a quark can be factorized from the hard scattering. Taking into account of both 
stimulated emission and thermal absorption in a thermal medium with finite temperature 
T, the probability of gluon radiation with energy u can be written as 
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where Ai"g(|k|) = l/[exp(|k|/T) — 1] is the thermal gluon distribution, is the Casimir 
of the quark jet in the fundamental representation and the splitting function Pgq{z) = 
P{z)/z = [1 + {1 — z^]/ z for q gq. In Eq.(||) the first term is from thermal absorption 
and the second term from gluon emission with the Bose-Einstein enhancement factor. 

To define the effective parton energy loss, we only consider gluon radiation outside a 
cone with |kx| > /i. Here /i should be a nonperturbative scale for parton fragmentation 
in the vacuum. In a hot QGP medium, it can be replaced by the gluon's Debye screening 
mass. Assuming the scale of the hard scattering as = AE"^, one has the kinematic 
hmits of the gluon's transverse momentum, /z^ < li-^rnax — 4|u;|(_E' — u) . 

Subtracting the gluon radiation spectrum in the vacuum, one then obtains the energy 
loss due to final-state thermal absorption and stimulated emission. For asymptotically 
large parton energy, 3> T, we have 



duj 



E J E \ duj 
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\ AET ^ 6C'(2) 
In + 2 - 7e + -^-^ 
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where 7e ^ 0.5772 and ('{2) ^ -0.9376. 

During the propagation of the hard parton after its production, it will suffer multiple 
scattering with targets in the medium. Recently many theoretical studies ||^-|^ have 
investigated the rescattering-induced radiative energy loss. Here we will focus on the 
stimulated emission and thermal absorption associated with rescattering in a hot QGP 
medium. 

Assume a hard parton is produced at yo = {yo, yo±) inside the medium with yo being the 
longitudinal coordinate. The interaction between the jet and target partons is modeled 
by a static color-screened Yukawa potential which is initially proposed by Gyulassy-Wang 

(GW) i. 

Here q„ is the momentum transfer from a target parton n at y„ = (?/n,y±n), Ta„{j) and 
Tan (n) are the color matrices for the jet and target parton. 

Following the framework of opacity expansion developed by Gyulassy, Levai and Vitev 
(GLV)PI and Wiedemann [^], we will only consider the contributions to the first order in 
the opacity expansion. It was shown by GLV that the higher order corrections contribute 
little to the radiative energy loss. Including stimulated emission and thermal absorption 
we can express the radiation probability at the first order in opacity as 

du MdAdRJ z J (277)2 7 (27r)2'' [qL)^^\lr\\H | +ZHeyH K 

xP(^) [ (1 + Ng{zE)) b{uj - zE)B{\ - 2) + Ng{^zE)b{uj + zE~^ , (4) 
E L J 

where C2 and Ca are Casimirs of the target parton in the fundamental representations 
in d^ and d^ dimension. Averaging over the longitudinal target profile is defined as 
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(...) = Jdyp{y) ■ ■ ■ with p{y) = 2exp{-2y/ L)/ L. We denote R^°\ and as the 
radiation amphtude associated with zero, single and double Born rescattering with parton 
targets in the QGP, respectively. They can be obtained as|^|[ 



2igTc- 

2igTj'^°y^'' ( 



2 2 2 



Here e_L is the transverse polarization of the radiative gluon, yio = yi 



■ e± ■ 

- 1/0, 
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The zero-temperature part of the parton energy loss corresponds to the radiation in- 
duced by rescattering which should be the same as obtained in the previous studies p. 
We denote this part as AE^.]^^. The remainder or temperature-dependent part of energy 
loss induced by rescattering at the first order in opacity is 
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where Xg = CfX/Ca is the mean-free-path of the gluon, the factor 1 — expiiojiyio) reflects 
the destructive interference arising from the non-Abelian Landau-Pomeranchuck-Migdal 
(LPM) effect, and |'y(q±)P is the normalized distribution of momentum transfer from 
the scattering centers, 

, , 1 
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In the limit of EL ^ 1 and E ^ n, One can then get the approximate asymptotic 
behavior of the energy loss. 
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Similarly to the final-state absorption, the minus sign in Eq. ([l3|) indicates that the 
contribution from thermal absorption associated with rescattering is larger than that of 
stimulated emission, resulting in a net energy gain. 
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Figure 1. The ratio of effective par- 
ton energy loss with {AE = Ai?^°^ + 
Ai?12 + ^eI'J,) and without (AE^'J,) 
absorption function of E/fi. In- 
serted box: energy gain via absorption 
with (-Ae2) and without (-AE^) 
rescattering. 



3. NUMERICAL RESULTS AND CONCLUSION 

The significance of the thermal absorption relative to the induced radiation can be 
studied by evaluating Eqs. @ and ([l0|) numerically. From the perturbative QCD at finite 
temperature the Debye screening mass can be taken as /x^ = AnagT'^ JlOl- Iii the GW 
model the mean-free-path for a gluon Xg is 

K = {^,9P,) + K^P.) ^ ^9 X 7C(3)— , (14) 

where C(3) ~ 1.202. With fixed values of LjXg and a^, AE / n is a function of E/ n only. 

The ratios of the calculated radiative energy loss with and without stimulated emission 
and thermal absorption as functions of E/ ix are illustrated in Fig. 1 for L/\g = 3,5 and 
as = 0.3. The thermal absorption reduces the effective parton energy loss by about 30- 
10% for intermediate values of parton energy. The energy dependence of the effective 
parton energy loss becomes stronger. This will affect the shape of suppression of pt 
hadrons spectrum in the intermediate energy region. For partons with very high energy 
the effect of the gluon absorption is small and can be neglected. 
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